This study was performed to reveal factors associated with dietary supplement use among Japanese preschool children in a nationwide survey. A cross-sectional, Internet survey was conducted among 2,058 mothers aged 20-40 y old who had preschool children and were registrants of a Japanese social research company in February 2013. The questionnaires assessed dietary supplement use, lifestyle and eating habits in both children and their mothers, eating awareness among mothers and the mothers' sources of health information. The study employed logistic regression analysis to evaluate the association between dietary supplement use and other variables. Dietary supplements were used by 8.0% of the children. Children who used supplements tended to be older in age, less likely to "get up cheerfully every morning," more likely to skip breakfast, eat out more frequently, and have mothers who used supplements, than children who did not use supplements. Mothers' level of education and household income were not associated with supplement use among their children. It is likely that mothers' anxiety about their children's health or unhealthy eating habits has a striking effect on supplement use among children. However, the actual dietary balance and daily rhythms of child supplement users were not irregular or unhealthy. It is necessary to give more accurate information on children's dietary habits and health to address mothers' anxiety.
Dietary supplement use is increasing among adults, and use among children has also been reported worldwide (1) (2) (3) (4) (5) . Dietary supplement users expect supplements to easily improve their nutritional condition; however, use among children is not as helpful in improving nutrition as expected (3, 6, 7) . Some reports showed that children who use supplements are more likely to live in a city, have parents with high incomes, and have older mothers with high levels of education and eating awareness (1, 3, 5) . Dietary supplement use among children is totally dependent on their mothers and mothers may give their children supplements even when they do not need them. Preschool children are in the process of forming healthy dietary habits, so reliance on supplements may result in disregard for the importance of healthy daily eating habits. Moreover, most dietary supplements are regulated and distributed as foods in Japan; therefore their safety and quality have not been fully investigated for use in children, especially in the case of tablets and capsules (8, 9) . Use of dietary supplements among preschool children, who are still undergoing physical development, may cause side effects if there is excessive intake of harmful substances.
A previous study suggested that about 10% of Japanese preschool children used dietary supplements and that the factors contributing to supplement use among children were high prevalence of supplement use and high eating awareness among their parents (10) . This previous study focused on the parents' awareness of supplement use; however, mothers' education levels, income levels, circumstances and attitudes towards eating habits were not addressed. In addition, the previous study was conducted in a restricted area and the exact details of lifestyle and eating habits among child supplement users were unclear.
Therefore, the purpose of this study was to examine the association between dietary supplement use among children and eating awareness of mothers, as well as the lifestyle and eating habits of both mothers and children using a nationwide survey. The authors hypothesized that dietary supplement use among children would be associated with higher eating awareness among mothers and healthier lifestyle and eating habits among the children.
MATERIALS AND METHODS
Subjects. An Internet-based questionnaire was administered to Japanese mothers of preschool children, aged 20-40 y, who were registrants of a Japanese social research company, Macromill Inc. (Tokyo, Japan), in February 2013. This research company had approximately 1,100,000 registrants in November 2012. We E-mail: satoyoko@nih.go.jp conducted a preliminary survey with random sampling of the 102,629 female registrants aged 20-40 y; 20,000 of these women responded. Subsequently, 3,525 mothers of preschool children were extracted for the actual survey based on population density. Of the 2,063 respondents, 2,058 mothers who provided complete answers were included in the fi nal analyses. This study was conducted with the approval of the Research Ethics Committee of the National Institute of Health and Nutrition of Japan.
Questionnaire. The questionnaire asked about children's sex, age, birth order, social environment, area of residence, dietary supplement use, lifestyle and health status, and eating habits.
Dietary supplement use was defi ned according to frequency of use ("daily use," "occasional use," "past use," and "have never used"). Those who responded "have never used" were categorized as "non-users" while those providing other responses were categorized as "users."
Questions regarding lifestyle and health status asked about the children's waking time, bedtime, whether they "played cheerfully," "got up cheerfully every morning," and about their stool frequency. Questions about eating habits included whether they skipped breakfast, frequency of eating out, eating ready-made/frozen/ convenience store meals, and eating vegetable dishes, fi sh dishes, and dairy foods. Interest in diet and table manners were also scored based on responses to the following nine items: 1) "My child is eager for meal times to come," 2) "My child seems to be hungry before meal times," 3) "My child washes before each meal," 4) "My child greets me at the beginning of each meal and thanks me at the end of each meal," 5) "My child chews his/her food enough before swallowing," 6) "My child enjoys eating meals," 7) "My child participates in conversation during meals," 8) "My child doesn't watch TV during meals," and 9) "My child helps to set and clear the table." Responses were given on a 4-point scale ranging from "always" (3) to "never" (0). These nine questions were taken from the "National nutrition survey on preschool children" conducted by the Ministry of Health, Labour and Welfare in Japan (11) .
The questionnaire also asked about mothers' household income, age, education level, working status, smoking status, drinking status, dietary supplement use, breakfast skipping, eating awareness, and sources of health information.
Eating awareness was assessed by the Subjective Dietrelated Quality of Life (SDQOL) score, which has been validated for examining the association between comfort in life and satisfaction with life (12) . Furthermore, we asked the following questions: "I use many sources to research information about meals," "I can determine whether information about meals is right or not," and "I have enough time to cook meals for events." These three questions were taken from "Research on the present state of and consciousness about Shokuiku (food and nutrition education)," a study conducted by the Japanese Cabinet Offi ce in 2010 (13) . We also asked mothers questions about carefully planning their children's diet with multiple answers permitted.
Statistical analysis. Scores for interest in diet and table manners and SDQOL were calculated after internal reliability had been confi rmed using Cronbach's ␣.
The characteristics of child dietary supplement users and non-users were compared. The chi-square test and t-test were performed for categorical and continuous variables, respectively.
Additionally, logistic regression models were used to identify the characteristics of child dietary supplement users adjusted for all predictor variables. Variables that were not signifi cantly multicollinear were included in the fi nal regression model after being identifi ed by a multicollinearity test using Spearman's rank correlation.
All statistical analyses were performed using PASW statistics software (version 18.0J, SPSS Inc.; Tokyo, Japan, 2009), and the level of signifi cance was set at pϽ0.05.
RESULTS
The experience of supplement use by children was as follows: 2.1% (nϭ43) in the "daily use" group, 4.0% (nϭ83) in the "occasional use" group, 1.9% (nϭ39) in the "past use" group and 92.0% (nϭ1,893) in the "have never used" group. The characteristics of the child dietary supplement users and non-users are shown in Table 1 . Users were 8.0% (nϭ165) children with a mean age of 3.6 y [standard deviation (SD) 1.6]. 48.5% were girls and 43.0% were kindergarteners. The following characteristics were the same for both users and nonusers: most children woke up between 7:00 and 8:00; went to bed between 21:00 and 22:00; were in good health; ate vegetable dishes and dairy foods every day; and ate meat dishes more frequently than fi sh dishes. The total score of interest in diet and table manners was 20 or higher (Cronbach's ␣ϭ0.72). Table 2 shows the characteristics of mothers who gave dietary supplements to their children. The mean age was 35.1 y (SD 4.1) and 72.1% used dietary supplements themselves. The SDQOL score for both users' and nonusers' mothers was around 17 (Cronbach's ␣ϭ0.85). Although mothers who gave their children supplements had children with better table manners than those who did not (pϭ0.003), items regarding carefully planning their children's diet did not differ between mothers of users and non-users. Regardless of the children's supplement use, media and word of mouth were the major sources of health information among mothers.
Logistic regression analysis showed that children who were older, did not get up cheerfully every morning, skipped breakfast, ate out more than twice per week, and had mothers who were supplement users, tended to use dietary supplements ( Table 3 ). The other variables were not signifi cant.
DISCUSSION
The present study showed that mothers' education level, household income, high levels of eating awareness among mothers, and the lifestyle and eating habits of children were not associated with dietary supplement use among Japanese preschool children. In contrast, skipping breakfast and eating out more often among children promoted dietary supplement use.
The utilization ratios of dietary supplements among Japanese children were reported to be between 7% and 15% in previous studies (10, (14) (15) (16) ; similar to those reports, the present study showed that 8% of children used dietary supplements.
To the best of our knowledge, this is the fi rst survey on dietary supplement use among preschool children in Japan at a nationwide level. The most recent previous report was conducted in 2008 and suggested that the prevalence of supplement use among Japanese preschool children had not drastically increased over the previous 5 y ( [14] [15] [16] .
Supplement intakes among children are totally dependent on their mothers' actions. Previous research on American children showed that mothers with higher levels of education and household income were more likely to give dietary supplements to their children (1). The present study is the fi rst report to investigate the association between mothers' level of education and household income and dietary supplement use among Japanese preschool children, although neither of these factors was associated with supplement use in the present study. One reason for the lack of an association may the fact that 80% of Japanese women have a higher than high school level of education and income differentials in Japan are not as wide as those in other countries (17, 18) . We tested the hypothesis that a high level of eating awareness among mothers promotes dietary supplement use in their children. The present results did not support this hypothesis because mothers' SDQOL score, attitudes towards collecting health information, and carefully planning their children's diet were not associated with supplement use among children. On the other hand, supplement use among children was found to be strongly related to supplement use among mothers. Supplement use is driven by user's active behavior among Japanese women (19) . Accordingly, supplement use among children may be associated not with high levels of eating awareness, but rather aggressiveness on the part of mothers.
We tested another hypothesis that child supplement users have healthier lifestyles and eating habits than non-users. This hypothesis was not supported either. The children who "got up cheerfully every morning" were less likely to be given dietary supplements. Moreover, skipping breakfast and eating out more often among children also tended to enhance dietary supplement use. Mothers may feel anxious and guilty when their children skip breakfast or eat out and therefore give their children dietary supplements as a way to compensate for such unhealthy habits. However, further consideration will be needed to clarify this hypothesis, because we did not measure mothers' anxiety in the present study. Interestingly, waking time, bedtime, stool frequency, and frequency of healthy meal intake, such as vegetable or fi sh dishes, did not signifi cantly differ between users and non-users. Therefore, it can be assumed that the dietary balance and daily rhythms of child supplement users were not irregular or unhealthy. The dietary supplement habits formed in childhood might have a negative effect on forming healthy eating habits in adolescence and adulthood. Enjoyable eating experiences at home during childhood promote healthy eating habits in adulthood (20) . For the future health of children, it is more important to form enjoyable eating habits than to become anxious about small things and to depend on dietary supplements. Most mothers in the present study indicated that they could gather enough information on a healthy diet, and could determine whether the information was correct or not. However, the major information sources that mothers used were media and word of mouth. Usually, this type of information is provided by product manufacturers. Consequently, this information is not always based on scientifi c evidence, is biased to support sales, lacks safety warnings, and can fuel mothers' anxiety over the potential for malnutrition in their children (21, 22) . It is doubtful whether mothers can actually judge the correctness of the health information provided by these sources. False judgments of the information provided in the media and by word of mouth may lead mothers' to give supplements to their children unnecessarily, thereby causing excessive nutrient and vitamin intake that may result in side effects (3, 23, 24) . Nutritional education aimed at helping mothers understand the health information provided in the media is necessary to relieve excessive anxiety among mothers. This study had several limitations. We used a crosssectional Internet survey and did not allow for determination of causal effect. Additionally, our subjects were registrants of a Japanese social research company who might be highly health-conscious. The data presented in this study should be interpreted with these limitations in mind.
In conclusion, skipping breakfast and eating out more often among children promoted the use of dietary supplements among Japanese preschool children. However, the actual dietary balance and daily rhythms of child supplement users were not irregular or unhealthy. It may be that mothers' unnecessary anxiety about their children's unhealthy eating habits has a striking effect on supplement use among their children. Mothers obtained health and diet information mainly from the media; thus, more appropriate nutritional education aimed at understanding the health information presented in the media is necessary.
